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(57) ABSTRACT 

In applying an alignment material to surfaces of a CF sub 
strate and a TFT substrate, Which form a liquid crystal panel, 
to form alignment ?lms, an alignment ?lm is formed so as to 
cover at least a display region in Which pixels are arranged in 
a matrix fashion, While a porous alignment ?lm, Which has a 
porous ?lm structure With a higher impurity adsorptive prop 
erty than the former alignment ?lm, is formed in a region 
outside the former alignment ?lm, for example, in a region 
intermediate the display region and a seal region surrounded 
by a sealing material, Whereby the porous alignment ?lm 
formed in the region outside the display region can ef?ciently 
adsorb contaminants, such as residual impurity ions produced 
from the sealing material and uncured components of the 
sealing material, to prevent the contaminants from penetrat 
ing into the display region and being ?xed therein. 

4 Claims, 10 Drawing Sheets 
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LIQUID CRYSTAL DISPLAY DEVICE AND 
METHOD OF FABRICATING THE SAME 

This application is based upon and claims the bene?t of 
priority from Japanese patent application No. 2007-105717, 
?led on Apr. 13, 2007, and Japanese patent application No. 
2008-049315, ?led on Feb. 29, 2008, the disclosure ofWhich 
is incorporated herein in its entirety by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a liquid crystal display 

device and a method of fabricating the same. In particularl, 
the present invention relates to a liquid crystal display device 
characterized by an alignment ?lm formed on a substrate 
surface, and a method of fabricating the same. 

2. Description of the Related Art 
Liquid crystal display devices are Widely used as display 

devices for AV equipment and OA equipment in vieW of their 
advantages including slimness, lightness in Weight, and loW 
poWer consumption. Such a liquid crystal display device 
includes: a liquid crystal panel in Which a liquid crystal is 
sandWiched betWeen a pair of substrates, one of Which is 
formed With sWitching devices, such as TFTs (Thin Film 
Transistors), arranged in a matrix fashion (hereinafter Will be 
referred to as “TFT substrate”), the other of Which is formed 
With a color ?lter (CF), black matrix (BM), and the like 
(hereinafter Will be referred to as “CF substrate”): a backlight 
unit for irradiating the liquid crystal panel With backlight; and 
other components. 

FIG. 1 is a plan vieW shoWing the con?guration of a CF 
substrate or TFT substrate forming a liquid crystal panel 
related to the present invention. In fabricating the liquid crys 
tal panel, an alignment material is applied to both of the CF 
substrate and the TFT substrate to form an alignment ?lm on 
each substrate in an alignment ?lm application step. Methods 
of forming such an alignment ?lm include an alignment ?lm 
printing method, and an ink-jet method. In both of the meth 
ods, after application of the alignment ?lm, a provisional 
drying step and a sub sequent alignment ?lm main baking step 
are performed on the alignment ?lm to thermally imidiZe the 
alignment ?lm, thereby obtaining a required alignment ?lm. 
In general, such an alignment ?lm is formed so as to cover a 
display region extending inWardly of a seal region to be 
applied With sealing material 104 (see Japanese Patent Laid 
Open No. 2003-222887 and No. 2006-78930 With respect to 
the formation of the aforementioned alignment ?lm). 

FIG. 2 shoWs a sectional structure of a portion extending 
from an edge to the display region of a liquid crystal panel 
related to the present invention. As shoWn in FIG. 2, align 
ment ?lm 106 is formed on each of the opposed faces of TFT 
substrate 102 and CF substrate 103 so as to cover the display 
region. Polarizing plates 102a and 10311 are bonded to the 
backside of the TFT substrate and the CF substrate, respec 
tively. When bias is applied to the liquid crystal panel, 
residual impurity ions produced from sealing material 104 
penetrate into the display region and then are adsorbed on the 
surface of alignment ?lm 106 Which is undesirable. Also, 
uncured components of sealing material 104 exude With time 
and then are adsorbed on the surface of alignment ?lm 106 
under application of bias to the liquid crystal panel. As a 
result, pixels in Which contaminants, such as residual impu 
rity ions and uncured components, are ?xed, give rise to 
visible defects such as stain and display unevenness. Here, 
“display unevenness” means the disarray of liquid crystal 
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2 
alignment and the local color change of the panel caused by 
interfusion of ionic impurity into liquid crystal material. 

In attempt to solve this problem, Japanese Patent Laid 
Open No. 2003-222887 noted above discloses a method in 
Which a substrate surface, in a region intermediate betWeen 
sealing material and the display region, is formed With pro 
jections and depressions thereby increasing the surface area 
of the alignment ?lm Which adsorbs contaminants before the 
contaminants reach the display region. 

FIG. 3 shoWs a sectional structure of a portion extending 
from an edge to the display region of the liquid crystal panel 
of Japanese Patent Laid-Open No. 2003 -222887.As shoWn in 
FIG. 3, the effect of adsorbing contaminants can be enhanced 
by an increase in the surface area of alignment ?lm 206 
resulting from the formation of projections and depressions 
210 on the substrate surfaces. This method, hoWever, cannot 
suf?ciently suppress the penetration of contaminants into the 
display region. 

Japanese Patent Laid-Open No. 2006-78930 noted above 
discloses a liquid crystal panel in Which there is a difference 
in characteristics betWeen an alignment ?lm formed on a TFT 
substrate in a region surrounded by the display region and a 
sealing material forming region and an alignment ?lm formed 
on a CF substrate in the region surrounded by the display 
region and the sealing material forming region. That is, J apa 
nese Patent Laid-Open No. 2006-78930 discloses a method in 
Which the opposed surfaces of the alignment ?lms are 
imparted With different electrostatic properties to produce a 
potential difference betWeen the display region and the region 
surrounded by the display region and the sealing material 
forming region, so that impurity ions are alloWed to be 
adsorbed in the region surrounded by the display region and 
the sealing material forming region. 

FIG. 4 shoWs a sectional structure of a portion extending 
from an edge to the display region of the liquid crystal panel 
of Japanese Patent Laid-Open No. 2006-78930. As shoWn in 
FIG. 4, by producing a potential difference betWeen align 
ment ?lms 306a and 306b, a surface portion of the alignment 
?lm Which is charged differently from impurity ions can 
perform the effect of adsorbing such impurity ions. HoWever, 
adsorption is inhibited on the alignment ?lm side Which bears 
the same charge as the impurity ions and, hence, the impurity 
ions are expected to diffuse into pixels. As a result, it is 
possible that a long-term reliability test eventually causes 
pixels to give rise to visible defects such as stain and display 
unevenness. 

In this structure, the alignment ?lm formed in the region 
intermediate betWeen the display region and sealing material 
has the same ?lm structure as the alignment ?lm formed in the 
display region, on at least one substrate. For this reason, 
residual impurity ions produced from sealing material and 
uncured components of sealing material penetrate into the 
display region easily and are ?nally adsorbed on the align 
ment ?lm surface. This results in a problem of loWered dis 
play quality. 

SUMMARY OF THE INVENTION 

The present invention has been made in vieW of the fore 
going problems. A main object of the present invention is to 
provide a liquid crystal display device Which is capable of 
suppressing the occurrence of visible defects caused by 
residual impurity ions and uncured components of a sealing 
material, thereby remarkably improving the reliability 
thereof, as Well as a method of fabricating the same. 

In order to accomplish the object mentioned above, a liquid 
crystal display device according to the present invention 
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includes: a pair of substrates; an alignment ?lm formed on 
each of opposed faces of the pair of substrates; a sealing 
material formed outside a display region of at least one of the 
substrates; and a liquid crystal material encapsulated betWeen 
the pair of substrates, Wherein: the alignment ?lm comprises 
a ?rst alignment ?lm formed so as to cover at least the display 
region, and a second alignment ?lm formed in a region lying 
outWardly of the ?rst alignment ?lm and inWardly of the 
sealing material; and the second alignment ?lm has a higher 
ionic impurity adsorptive property than the ?rst alignment 
?lm. 

In the present invention, the second alignment ?lm prefer 
ably has a porous ?lm structure. To con?rm such a porous ?lm 
structure, samples cut out of the ?rst and second alignment 
?lms are subjected to measurement using an automatic gas 
adsorption measuring instrument (“Belsorp l8 plus-T” 
manufactured by BEL JAPAN, INC.). It is possible to deter 
mine: a pore siZe distribution and a pore siZe capacity from an 
adsorption-desorption isotherm that has been obtained; pore 
siZe diameters of not more than 2 nm by Molecular-Probe 
method (MP method); and pore siZe diameters ranging from 
2 to 200 nm by Dollimore-Heal method (DH method). 

In the present invention, a diamine chain forming a main 
chain contained in the second alignment ?lm may be longer 
than a diamine chain forming a main chain contained in the 
?rst alignment ?lm. To con?rm such diamine chains, samples 
extracted from the ?rst and second alignment ?lms are sub 
jected to measurements using a gas chromatograph mass 
spectrometer (“JMS-GCmatell” manufactured by JEOL Ltd.) 
and a liquid chromatograph mass spectrometer (“JMS 
TlOOLC model” manufactured by JEOL Ltd.). Information 
on the structures of such diamine chains can be obtained from 
the measurements. 

In the present invention, the imidiZation rate of the second 
alignment ?lm may be loWer than that of the ?rst alignment 
?lm. To con?rm the imidiZation rates, samples extracted from 
the ?rst and second alignment ?lms are subjected to measure 
ment using a Fourier transform infrared spectrophotometer 
(“FT/IR-6l0” manufactured by JASCO Corporation). The 
sample alignment ?lms thus extracted are measured for their 
IR spectra by a KBr tablet method and the imidiZation rate of 
each sample can be calculated from a peak height ratio origi 
nating from an imide ring. 

In the present invention, the second alignment ?lm may 
have a larger ?lm thickness than the ?rst alignment ?lm. To 
con?rm the thicknesses of the alignment ?lms, samples cut 
out of the ?rst and second alignment ?lms are subjected to 
measurement using a FIB-SEM hybrid system 
(“SMI3050SE” manufactured by SII Nanotechnology Inc.). 
Information on the thickness of each alignment ?lm can be 
obtained by the measurement. 
A method of fabricating a liquid crystal display device 

according to the present invention includes at least: applying 
an alignment ?lm to a substrate surface, provisionally drying 
the alignment ?lm; baking the alignment ?lm; rubbing; and 
rubbing Washing, Which are performed in this sequence, 
Wherein: in applying the alignment ?lm, the alignment ?lm is 
formed so as to cover at least a display region; and a portion 
of the alignment ?lm Which extends in a region outside the 
display region is imparted With an adsorptive property by 
modi?cation during the process from provisional drying to 
rubbing Washing. 

In the present invention, the provisional drying may 
include raising a drying temperature locally for the region 
outside the display region to form a porous alignment ?lm in 
the region outside the display region. 
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4 
In the present invention, during a process from the baking 

to the rubbing Washing, plasma ashing may be performed 
locally for the region outside the display region to form a 
porous alignment ?lm in the region outside the display 
region. 

Alternatively, a method of fabricating a liquid crystal dis 
play device according to the present invention includes at 
least: applying an alignment ?lm to a substrate surface; pro 
visionally drying the alignment ?lm; baking the alignment 
?lm; rubbing; and rubbing Washing, Which are performed in 
this sequence, Wherein in applying the alignment ?lm, a por 
tion of the alignment ?lm Which extends in a region outside a 
display region is imparted With an adsorptive property by 
applying the alignment ?lm in such a manner that the portion 
of the alignment ?lm Which extends in the region outside the 
display region has a larger ?lm thickness than a portion of the 
alignment ?lm Which extends in a region inside the display 
region. 

In the present invention, in applying the alignment ?lm, 
printing may be performed in such a manner that the portion 
of the alignment ?lm Which extends in the region outside the 
display region has a larger ?lm thickness than the portion of 
the alignment ?lm Which extends in the region inside the 
display region by using an alignment plate having a portion 
facing the region outside the display region Which has a 
smaller number of surface relieves or a smaller relief proj ec 
tion area, or a larger relief hei ght than a portion thereof facing 
the region inside the display region. 

In the present invention, in applying the alignment ?lm, an 
ink-jet coater may be used in Which coating conditions are 
established such that the region outside the display region 
receives a larger amount of a jetted alignment material or a 
larger number of j ets of the alignment material than the region 
inside the display region, to make the portion of the alignment 
?lm Which extends in the region outside the display region 
thicker than the portion of the alignment ?lm Which extends 
in the region inside the display region. 

Thus, according to the present invention, the alignment 
?lm formed on each of CF and TFT substrate comprises the 
?rst alignment ?lm covering at least the display region, and 
comprises the second alignment ?lm formed in the region 
lying outWardly of the ?rst alignment ?lm and inWardly of the 
sealing material. Also, according to the present invention, the 
second alignment ?lm is imparted With a higher ionic impu 
rity adsorptive property than the ?rst alignment ?lm, Whereby 
penetration of impurity ions or exudation of sealing material 
components With time can be suppressed by means of the 
second alignment ?lm. As a result, the present invention 
makes it possible to provide a high-quality liquid crystal 
display device having remarkably improved reliability. 
The liquid crystal display device and the fabrication 

method thereof according to the present invention are capable 
of preventing contaminants produced from the sealing mate 
rial from penetrating into the display region and being ?xed 
therein by forming an alignment ?lm having a porous struc 
ture in the region outside the alignment ?lm covering at least 
the display region. Also, by making the alignment ?lm of the 
porous structure have an increased ?lm thickness, it becomes 
possible to increase the effective surface area for adsorbing 
contaminants, thereby improving the contaminant adsorption 
e?iciency. 
By virtue of these advantages, it becomes possible to pro 

vide a high-quality liquid crystal display device having 
remarkably improved reliability. Also, the present invention 
can improve the effective impurity adsorption e?iciency 
While maintaining the narroW picture-frame structure of the 
liquid crystal panel. Further, use of the same alignment mate 
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rial enables the construction of the present invention to be 
realized by a simple process and alloWs a reduction in the 
amount of alignment material that is used and shortening of 
the lead time that can be realiZed by eliminating the time and 
labor required to change the kind of alignment material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan vieW shoWing the con?guration of a CF 
substrate or TFT substrate forming a liquid crystal panel 
related to the present invention; 

FIG. 2 is a sectional vieW shoWing the structure of a portion 
extending from an edge to a display region of a liquid crystal 
panel related to the present invention; 

FIG. 3 is a sectional vieW shoWing the structure of a portion 
extending from an edge to a display region of a liquid crystal 
panel (Japanese Patent Laid-Open No. 2003-222887) related 
to the present invention; 

FIG. 4 is a sectional vieW shoWing the structure of a portion 
extending from an edge to a display region of a liquid crystal 
panel (Japanese Patent Laid-Open No. 2006-78930) related 
to the present invention; 

FIG. 5 is a plan vieW shoWing the con?guration of a CF 
substrate or TFT substrate forming a liquid crystal panel 
according to one exemplary embodiment of the present inven 
tion; 

FIG. 6 is a sectional vieW shoWing the structure of a portion 
extending from an edge to a display region of a liquid crystal 
panel according to one exemplary embodiment of the present 
invention; 

FIG. 7A is a sectional vieW schematically shoWing the 
structure of a porous alignment ?lm according to one exem 
plary embodiment of the present invention; 

FIG. 7B is a sectional vieW schematically shoWing the 
structure of a porous alignment ?lm having an increased ?lm 
thickness Which is formed in a region outside a display region 
according to one exemplary embodiment of the present inven 
tion; 

FIG. 8 is a ?owchart illustrating a part of a liquid crystal 
display device fabricating process according to one exem 
plary embodiment of the present invention; 

FIG. 9 is a schematic vieW illustrating a process from an 
alignment ?lm application step to an alignment ?lm baking 
step according to a ?rst exemplary embodiment of the present 
invention; 

FIG. 10 is a schematic vieW illustrating a process from an 
alignment ?lm application step to a plasma ashing step 
according to a second exemplary embodiment of the present 
invention; 

FIG. 11 is a schematic vieW illustrating a process from an 
alignment ?lm application step to a plasma ashing step 
according to a ?fth exemplary embodiment of the present 
invention; 

FIG. 12A is a diagram shoWing an exemplary molecular 
structure of a polyamic acid; 

FIG. 12B is a diagram shoWing an exemplary molecular 
structure of a polyamic acid having a lengthened diamine 
chain forming a main chain; and 

FIG. 13 is a schematic vieW illustrating a process from an 
alignment ?lm application step to an alignment ?lm baking 
step according to a sixth exemplary embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
EXEMPLARY EMBODIMENTS 

As described in the related art of the present invention, 
When bias is applied to a liquid crystal panel, residual impu 
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6 
rity ions produced from a sealing material penetrate into a 
display region. Also, sealing material 4 exude uncured com 
ponents over time. Alignment ?lm 6 in the display region 
adsorbs contaminants including such impurity ions and 
uncured components. This results in a problem that pixels in 
Which the contaminants are ?xed give rise to visible defects 
such as stain and display unevenness. 
As a principle of adsorption of contaminants and the like by 

the alignment ?lm, it is conceivable that a polyamic acid 
(unreacted component) contained in the alignment ?lm 
attracts impurity ions. Usually, a polyimide is produced from 
the polyamic acid by an alignment ?lm baking step. The 
alignment ?lm thermally imidiZed contains at least 10% to 
15% of the polyamic acid as a residue. 
The polyamic acid has a carbonyl group, and a CO4OH 

group attracts impurity ions of Na and K thereby adsorbing 
the impurity ions (see FIG. 12A). Contaminants other than 
the impurity ions penetrate into minute pores and then are 
physically adsorbed in pores ?tting their respective molecular 
Weight siZes. 

In vieW of the above, the present invention forms an align 
ment ?lm covering at least the display region, and a porous 
alignment ?lm having a higher ionic impurity adsorptive 
property than the former alignment ?lm in a region outside 
the alignment ?lm covering at least the display region, 
Whereby the porous alignment ?lm ef?ciently adsorbs con 
taminants in the region outside the display region and pre 
vents the contaminants from penetrating into the display 
region and being ?xed therein. Hereinafter, description Will 
be made With reference to the draWings. 

FIG. 5 is a plan vieW shoWing the con?guration of a CF 
substrate or TFT substrate forming a liquid crystal panel 
according to one exemplary embodiment of the present inven 
tion; FIG. 6 is a sectional vieW shoWing the structure of a 
portion cut on line X-X' of FIG. 5; and FIG. 7 is an enlarged 
vieW of a portion encircled With a circle in FIG. 6. 
As shoWn in FIG. 6, alignment ?lm 6 is formed on each of 

the opposed faces of TFT substrate 2 and CF substrate 3 so as 
to cover the display region. Polarizing plates 2a and 3a are 
bonded to the backside of the TFT substrate and the CF 
substrate, respectively. 
As shoWn in FIGS. 5 and 6, in an alignment ?lm applica 

tion step, generally an alignment material is applied to the 
surfaces of a CF substrate and a TFT substrate to form align 
ment ?lms. 

At that time, alignment ?lm 6 is formed so as to cover the 
display region in Which pixels are arranged in a matrix fash 
ion, While porous alignment ?lm 7 is formed in a region 
outside alignment ?lm 6. For example, alignment ?lm 7 hav 
ing a porous ?lm structure With a higher impurity adsorptive 
property than alignment ?lm 6 is formed in a region interme 
diate betWeen the display region and a seal region surrounded 
by sealing material 4. That is, the provision of porous align 
ment ?lm 7 makes it possible to e?iciently adsorb impurities 
in the region outside the display region. 

It is su?icient that alignment ?lm 6 is formed in a region 
covering at least the display region and porous alignment ?lm 
7 formed outside the display region. 
When liquid crystal material 5 is encapsulated, liquid crys 

tal material 5 is brought into contact With a surface portion of 
sealing material 4, causing residual impurity ions of Na, K, Cl 
and the like to begin moving from the surface portion of 
sealing material 4 into liquid crystal material 5. When the 
liquid crystal panel is applied With bias, these residual impu 
rity ions move more noticeably and are adsorbed on the 
surfaces of the alignment ?lms. Under the application of bias 
to the liquid crystal panel, uncured components and the like of 
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sealing material 4 begin being eluted over time and are then 
adsorbed on the surfaces of the alignment ?lms like the 
residual impurity ions. 

In the structure of the present exemplary embodiment, 
however, porous alignment ?lm 7 is formed in the region 
outside the display region. For this reason, porous alignment 
?lm 7 ef?ciently adsorbs contaminants including residual 
impurity ions and uncured components, thereby making it 
possible to prevent such contaminants from penetrating into 
the display region and being ?xed therein. As a result, a 
high-quality liquid crystal display device With remarkably 
improved reliability can be provided. 

FIG. 7A is a vieW schematically shoWing the structure of 
porous alignment ?lm 7 described above. Porous alignment 
?lm 7 has pores 9 not only in its surface portion but also in its 
internal portion and hence functions as ion adsorbing layer 8. 

Pores 9 having pore siZe diameters of not more than about 
50 nm (ranging from a mesopore siZe to a micropore siZe) 
adsorb the residual impurity ions of Na, K, Cl and the like 
effectively. Pores 9 having pore siZe diameters from 20 to 200 
nm (ranging from a mesopore siZe to a macropore siZe) 
adsorb the uncured components of sealing material 4 effec 
tively. Therefore, the diameters of pores 9 are easily set Within 
this range. Pores 9 of porous alignment ?lm 7 according to the 
present invention preferably have diameters of not more than 
about 50 nm. Particularly effectively, porous alignment ?lm 7 
has a Wide pore siZe distribution ranging from a mesopore 
siZe to a micropore siZe. 

Methods of forming porous alignment ?lm 7 described 
above include, for example, a method Wherein the drying 
temperature is raised to a high temperature locally for an 
alignment ?lm application region outside the display region 
in a provisional drying step included in the alignment ?lm 
application step. This method is capable of causing the sol 
vent contained in the alignment material to rapidly evaporate 
causing imidiZation to accelerate, thereby making the ?lm 
nondense. In this Way, a porous ?lm can be formed. 

Another forming method includes ashing the alignment 
?lm formed in an alignment ?lm application region outside 
the display region by using an ashing system, such as a plasma 
processing system, to provide the alignment ?lm With minute 
pores, thereby making it possible to form a porous ?lm. 

Alternatively, there is a method including: mixing the 
alignment material With a substance Which can be later 
extracted by a solvent; forming an alignment ?lm in the 
alignment ?lm application region outside the display region; 
and then extracting the above-mentioned sub stance by means 
of the solvent to form minute pores. In this case, the extract 
able substance to be used has to be a substance that can be 
dissolved Without any effect on the alignment material com 
ponent. 

Yet, there is a method including: further mixing a minute 
?ller into the alignment material; forming the alignment ?lm 
in the alignment ?lm application region outside the display 
region; and then removing the ?ller physically to form minute 
pores. 

Referring to the ?owchart shoWn in FIG. 8, proposal can be 
made of for fabrication methods Which include: a method in 
Which a leveling step is provided for forming the porous 
alignment ?lm in the provisional drying step included in the 
alignment ?lm application step; and a method that includes an 
ashing step, a solvent extraction step and a ?ller removing 
step for forming the porous alignment ?lm during the process 
from an alignment ?lm baking step to a rubbing Washing step. 
To make the ?lm more porous, these methods are each desir 
ably performed in combination With the above-described 
porous alignment ?lm forming step. 
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In order to improve the impurity adsorption e?iciency, as 

shoWn in FIG. 7B, the alignment ?lm thickness may be 
increased in the region outside the display region by provid 
ing the porous alignment ?lm, thereby increasing the effec 
tive adsorption surface area. According to the present inven 
tion, the alignment ?lm thickness in the display region is 
selected from a range from 10 to 200 nm in accordance With 
the types of panels. By making the porous alignment ?lm in 
the region outside the display region have a larger ?lm thick 
ness than the alignment ?lm in the display region, impurities 
can be adsorbed more effectively. 

In the case of an alignment ?lm printing method, for 
example, the porous alignment ?lm thickness in the region 
outside the display region can be increased by reducing the 
number of relieves on a surface portion of an alignment plate 
that faces the alignment ?lm application region outside the 
display region to a value smaller than the number of relieves 
on a surface portion of the alignment plate that faces the 
alignment ?lm application region inside the display region. In 
this case, the relieves facing the alignment ?lm application 
regions inside and outside the display region need to have a 
constant relief diameter (i.e., relief projection area). Simi 
larly, the porous alignment ?lm thickness in the region out 
side the display region can be increased by reducing the relief 
projection area or increasing the relief height in the alignment 
?lm application region outside the display region. Needless to 
say, a more advantageous effect Will result When the reduction 
in the number of relieves, a reduction in the relief proj ection 
area and an increase in the relief height are combined 
together. In the case of an ink-jet method, the porous align 
ment ?lm thickness in the region outside the display region 
can be increased by increasing the jetted amount of the align 
ment material or the number of j ets of the alignment material 
for the alignment ?lm application region outside the display 
region, as compared With the alignment ?lm application 
region inside the display region. 

Hereinafter, the present invention Will be described by Way 
of exemplary embodiments, Which, in no Way, limits the 
present invention unless the folloWing exemplary embodi 
ments change the concept of the present invention. 

Exemplary Embodiment 1 

First, description Will be made of a liquid crystal display 
device and a fabrication method thereof according to a ?rst 
exemplary embodiment of the present invention With refer 
ence to FIG. 9. 

In general, a liquid crystal display panel has a TFT sub 
strate formed With sWitching devices, such as TFTs, arranged 
in a matrix fashion, and a CF substrate formed With a black 
matrix, color ?lter (CF), and the like. Opposed faces of these 
substrates are each formed With an alignment ?lm that is 
treated for alignment. A predetermined gap is de?ned 
betWeen the tWo substrates by positioning insulating spacers, 
such as polymer beads or silica beads of a predetermined 
shape, or insulating columns of an acrylic resin or the like. 
Such a liquid crystal display panel displays an image by 
controlling the alignment direction of liquid crystal encapsu 
lated in the gap by means of an electric ?eld produced by 
electrodes formed on at least one substrate. 

In order to fabricate a high-quality liquid crystal display 
device having remarkably improved reliability, it is necessary 
to prevent contaminants from penetrating into the display 
region and from being ?xed to a surface portion of the align 
ment ?lm. For this purpose, the present exemplary embodi 
ment fabricates a liquid crystal panel according to the folloW 
ing method. 
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FIG. 9 is a schematic vieW illustrating a process from an 
alignment ?lm application step to an alignment ?lm baking 
step for fabricating a liquid crystal panel according to the 
present invention. 

In the alignment ?lm application step, printing using an 
alignment plate Was performed to apply an alignment mate 
rial to surfaces of the TFT substrate and CF substrate, thus 
providing the display region and the region outside the dis 
play region With alignment ?lms (step A in FIG. 9). 

In a subsequent alignment ?lm provisional drying step, the 
drying temperature of a hot plate located outside the display 
region Was locally raised so as to enable leveling to be per 
formed at about 80° C. to 90° C. for the display region and at 
about 120° C. to 150° C., Which Was higher than the former 
temperature, for the region outside the display region (step B 
in FIG. 9). This step makes it possible to form an alignment 
?lm With controls print quality in the display region and to 
form a porous alignment ?lm in the region outside the display 
region While shortening the provisional drying lead time. 

In the subsequent alignment ?lm baking step, each align 
ment ?lm in the display region and in the region outside the 
display region Was thermally imidiZed by being subjected to 
main baking, to give a required alignment ?lm (step C in FIG. 
9). 

Thereafter, in a rubbing step, rubbing Was performed on the 
alignment ?lm surfaces of the TFT substrate and CF substrate 
by means of a rubbing roll made of rayon. 

Subsequently, in a rubbing Washing and drying step, the 
alignment ?lm surfaces and the reverse sides of the TFT 
substrate and CF substrate Were subjected to chemical clean 
ing and pure Water cleaning and then to IR drying at 185° C. 

Subsequently, in a seal application step, a sealing material 
Was applied to predetermined positions on the TFT substrate 
so as to provide a peripheral (auxiliary) seal and a main seal 
each describing a shape of a closed loop. (In fabricating a TN 
mode liquid crystal display panel, the sealing material is 
mixed With Au balls serving as conductors.) 

Subsequently, in a liquid crystal dispensing step, a prede 
termined amount of a liquid crystal material Was dispensed 
dropWise in a matrix fashion (i.e., in a manner to form mul 
tiple dots in a matrix) in a region inside the main seal. 

Thereafter, in a panel alignment step, the TFT substrate and 
the CF substrate Were brought into contact With each other 
and then compressed to diffuse the liquid crystal material 
uniformly throughout a pixel region and a peripheral region 
betWeen the substrates and to de?ne a uniform gap betWeen 
the substrates using columns. 

Subsequently, before feeding the panel to a UV curing step, 
the sealing material Was provisionally ?xed by partially sub 
jecting the peripheral seal to provisional UV curing at several 
points, in order to prevent the aligned substrates from being 
displaced from their ?tted state. 

In the subsequent UV curing step, the sealing material Was 
cured by irradiation With ultraviolet rays of 3,000 m]. 

Further, in a thermal curing step, the sealing material Was 
completely cured by heating at 120° C. Then, the manufac 
turing of a liquid crystal display panel is completed by bond 
ing polariZing plates to the backside of the TFT substrate and 
the CF substrate. 

Thereafter, the liquid crystal display panel thus fabricated 
Was subjected to an ACF (Anisotropic Conductive Film) 
attaching/TCP (Tape Carrier Package) bonding step and a 
substrate bonding step and then ?tted With a backlight source 
in an assembling step, to complete a liquid crystal display 
device. 

The liquid crystal display device according to the present 
exemplary embodiment Was subjected to a reliability test. An 
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operation test in an environment having a temperature of 60° 
C. and a humidity of 60% Was conducted on ?ve liquid crystal 
display devices according to the present exemplary embodi 
ment and on ?ve comparative liquid crystal display devices 
related to the present invention. As a result, the liquid crystal 
display devices related to the present invention each gave rise 
to display unevenness, spot stain and the like in a peripheral 
portion of the panel Within 500 hours from the starting of the 
test, Whereas any one of the liquid crystal display devices 
according to the present exemplary embodiment did not give 
rise to stain or display unevenness. Further, neither stain nor 
display unevenness Was observed in any one of the liquid 
crystal display devices according to the present exemplary 
embodiment even after a lapse of 1,000 hours from the start 
ing of the test. 

Exemplary Embodiment 2 

Description Will be made of a liquid crystal display device 
and a fabrication method thereof according to a second exem 
plary embodiment of the present invention With reference to 
FIG. 10. 

FIG. 10 is a schematic vieW illustrating a process from an 
alignment ?lm application step to a plasma ashing step for 
fabricating a liquid crystal display panel according to the 
present exemplary embodiment. 

In the alignment ?lm application step, printing using an 
alignment plate Was performed to apply the alignment mate 
rial to surfaces of the TFT substrate and CF substrate, thus 
providing the display region and the region outside the dis 
play region With alignment ?lms (step A in FIG. 10), in the 
same manner as in the ?rst exemplary embodiment. 

In the subsequent alignment ?lm provisional drying step, 
leveling Was performed at 80° C. for both the display region 
and the region outside the display region (step B in FIG. 10). 

In the subsequent alignment ?lm baking step, main baking 
Was performed at 230° C. to provide required alignment ?lms 
(step C in FIG. 10). 

Subsequently, the plasma ashing step Was performed to 
form porous alignment ?lms (step D in FIG. 10). Here, local 
iZed ashing Was performed on the alignment ?lms in the 
region outside the display region. A remote-controlled 
plasma head Was driven to locally irradiate With plasma the 
region outside the display region to be subjected to ashing, to 
form minute pores in the alignment ?lms. Thus, porous align 
ment ?lms Were formed. Oxygen or a mixed gas of nitrogen 
and oxygen Was used as a process gas. 

Thereafter, in the rubbing step, rubbing Was performed on 
the alignment ?lm surfaces of the TFT substrate and CF 
substrate by means of a rubbing roll made of rayon. 

Subsequently, in the rubbing Washing and drying step, the 
alignment ?lm surfaces and the reverse sides of the TFT 
substrate and CF substrate Were subjected to chemical clean 
ing and pure Water cleaning and then to IR drying at 185° C. 

Subsequently, in the seal application step, the sealing mate 
rial Was applied to predetermined positions on the TFT sub 
strate so as to provide a peripheral (auxiliary) seal and a main 
seal each describing a shape of a closed loop. (In fabricating 
a TN mode liquid crystal display panel, the sealing material is 
mixed With Au balls serving as conductors.) 

Subsequently, in the liquid crystal dispensing step, a pre 
determined amount of the liquid crystal material Was dis 
pensed dropWise in a matrix fashion (i.e., in a manner to form 
multiple dots in a matrix) in a region inside the main seal. 

Thereafter, in the panel alignment step, the TFT substrate 
and the CF substrate Were brought into contact With each 
other and then compressed to diffuse the liquid crystal mate 
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rial uniformly throughout a pixel region and a peripheral 
region between the substrates and to de?ne a uniform gap 
betWeen the substrates using columns. 

Subsequently, before feeding the panel to the UV curing 
step, the sealing material Was provisionally ?xed by partially 
subjecting the peripheral seal to provisional UV curing at 
several points, in order to prevent the aligned substrates from 
being displaced from their ?tted state. 

In the subsequent UV curing step, the sealing material Was 
cured by irradiation With ultraviolet rays of 3,000 m]. 

Further, in the thermal curing step, the sealing material Was 
completely cured by heating at 120° C. Then, the manufac 
turing of a liquid crystal display panel is completed by bond 
ing polariZing plates to the backside of the TFT substrate and 
the CF substrate. 

Thereafter, the liquid crystal display panel thus fabricated 
Was subjected to theACF attaching/TCP bonding step and the 
substrate bonding step and then ?tted With a backlight source 
in the assembling step, to complete the manufacturing of a 
liquid crystal display device. Even When the rubbing step Was 
performed before the plasma ashing step, the condition of 
porous alignment ?lm 7 formed Was satisfactory similarly. 

The liquid crystal display device according to the present 
exemplary embodiment Was subjected to a reliability test. An 
operation test in an environment having a temperature of 60° 
C. and a humidity of 60% Was conducted on ?ve liquid crystal 
display devices according to the present exemplary embodi 
ment and on ?ve comparative liquid crystal display devices 
related to the present invention. As a result, the liquid crystal 
display devices related to the present invention each gave rise 
to display unevenness, spot stain and the like in a peripheral 
portion of the panel Within 500 hours from the starting of the 
test, Whereas none of the liquid crystal display devices 
according to the present exemplary embodiment gave rise to 
stain or display unevenness. Further, neither stain nor display 
unevenness Was observed in any one of the liquid crystal 
display devices according to the present exemplary embodi 
ment even after a lapse of 1,000 hours from the starting of the 
test. 

Exemplary Embodiment 3 

Description Will be made of a liquid crystal display device 
and a fabrication method thereof according to a third exem 
plary embodiment of the present invention. 

In the same manner as in the above-described second 

exemplary embodiment, the process from the alignment ?lm 
application to the alignment ?lm baking Was performed to 
provide required alignment ?lms in the display region and the 
region outside the display region. 

In the subsequent plasma ashing step, the surface of each 
substrate except the region outside the display region Was 
covered With a mask to alloW the alignment ?lm in the region 
outside the display region to be ashed locally. The entire 
substrate surface Was directly irradiated With plasma by 
means of a ?xed plasma head to form minute pores in the 
alignment ?lm only in the region outside the display region. 
Thus, porous alignment ?lms Were formed. 

Thereafter, in the rubbing step, rubbing Was performed on 
the alignment ?lm surfaces of the TFT substrate and CF 
substrate by means of a rubbing roll made of rayon. 

Subsequently, in the rubbing Washing and drying step, the 
alignment ?lm surfaces and the reverse sides of the TFT 
substrate and CF substrate Were subjected to chemical clean 
ing and pure Water cleaning and then to IR drying at 185° C. 

Subsequently, in the seal application step, the sealing mate 
rial Was applied to predetermined positions on the TFT sub 
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strate so as to provide a peripheral (auxiliary) seal and a main 
seal each describing a shape of a closed loop. (In fabricating 
a TN mode liquid crystal display panel, the sealing material is 
mixed With Au balls serving as conductors.) 

Subsequently, in the liquid crystal dispensing step, a pre 
determined amount of the liquid crystal material Was dis 
pensed dropWise in a matrix fashion (i.e., in a manner to form 
multiple dots in a matrix) in a region inside the main seal. 

Thereafter, in the panel alignment step, the TFT substrate 
and the CF substrate Were brought into contact With each 
other and then compressed to diffuse the liquid crystal mate 
rial uniformly throughout a pixel region and a peripheral 
region betWeen the substrates and to de?ne a uniform gap 
betWeen the substrates using columns. 

Subsequently, before feeding the panel to the UV curing 
step, the sealing material Was provisionally ?xed by partially 
subjecting the peripheral seal to provisional UV curing at 
several points, in order to prevent the aligned substrates from 
being displaced from their ?tted state. 

In the subsequent UV curing step, the sealing material Was 
cured by irradiation With ultraviolet rays of 3,000 m]. 

Further, in the thermal curing step, the sealing material Was 
completely cured by heating at 120° C. Then, the manufac 
turing of a liquid crystal display panel is completed by bond 
ing polariZing plates to the backside of the TFT substrate and 
the CF substrate. 

Thereafter, the liquid crystal display panel thus fabricated 
Was subjected to the ACF attaching/TCP bonding step and the 
substrate bonding step and then ?tted With a backlight source 
in the assembling step, to complete the manufacture of liquid 
crystal display device. 
The liquid crystal display device according to the present 

exemplary embodiment Was subjected to a reliability test. An 
operation test in an environment having a temperature of 60° 
C. and a humidity of 60% Was conducted on three liquid 
crystal display devices according to the present exemplary 
embodiment and on three comparative liquid crystal display 
devices related to the present invention. As a result, the liquid 
crystal display devices related to the present invention each 
gave rise to display unevenness, spot stain and the like in a 
peripheral portion of the panel Within 500 hours from the 
starting of the test, Whereas none of the liquid crystal display 
devices according to the present exemplary embodiment gave 
rise to stain or display unevenness, like the liquid crystal 
display devices according to the second exemplary embodi 
ment. Further, neither stain nor display unevenness Was 
observed in any one of the liquid crystal display devices 
according to the present exemplary embodiment even after a 
lapse of 1,000 hours from the starting of the test. 

Exemplary Embodiment 4 

Description Will be made of a liquid crystal display device 
and a fabrication method thereof according to a fourth exem 
plary embodiment of the present invention. 

In the same manner as in the above-described ?rst exem 

plary embodiment, printing using an alignment plate Was 
performed to apply the alignment material to surfaces of the 
TFT substrate and CF substrate in the alignment ?lm appli 
cation step, thus providing the display region and the region 
outside the display region With alignment ?lms (step A in 
FIG. 9). The printing plate used at that time had a smaller 
number of relieves on an alignment plate surface portion that 
faces the alignment ?lm application region outside the dis 
play region than on an alignment plate surface portion that 
faces the alignment ?lm application region inside the display 
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region, so that the alignment ?lm thickness in the region 
outside the display region became larger than in the display 
region. 

In the subsequent alignment ?lm provisional drying step, 
the drying temperature of a hot plate located outside the 
display region Was locally raised so as to enable leveling to be 
performed at 80° C. for the display region and at 120° C., 
Which Was higher than 80° C., for the region outside the 
display region in the same manner as in the ?rst exemplary 
embodiment, thus forming porous alignment ?lms only in the 
region outside the display region (step B in FIG. 9). 

In the subsequent alignment ?lm baking step, each align 
ment ?lm in the display region and the region outside the 
display region Was thermally imidiZed by being subjected to 
main baking at 230° C., to provide a required alignment ?lm 
(step C in FIG. 9). In this Way, the area of the porous align 
ment ?lms in the region outside the display region Was 
increased as compared With the ?rst exemplary embodiment, 
thereby making it possible to increase the effective adsorption 
surface area. 

Thereafter, in the rubbing step, rubbing Was performed on 
the alignment ?lm surfaces of the TFT substrate and CF 
substrate by means of a rubbing roll made of rayon. 

Subsequently, in the rubbing Washing and drying step, the 
alignment ?lm surfaces and the reverse sides of the TFT 
substrate and CF substrate Were subjected to chemical clean 
ing and pure Water cleaning and then to IR drying at 185° C. 

Subsequently, in the seal application step, the sealing mate 
rial Was applied to predetermined positions on the TFT sub 
strate so as to provide a peripheral (auxiliary) seal and a main 
seal each describing a shape of a closed loop. (In fabricating 
a TN mode liquid crystal display panel, the sealing material is 
mixed With Au balls serving as conductors.) 

Subsequently, in the liquid crystal dispensing step, a pre 
determined amount of the liquid crystal material Was dis 
pensed dropWise in a matrix fashion (i.e., in a manner to form 
multiple dots in a matrix) in a region inside the main seal. 

Thereafter, in the panel alignment step, the TFT substrate 
and the CF substrate Were brought into contact With each 
other and then compressed to diffuse the liquid crystal mate 
rial uniformly throughout a pixel region and a peripheral 
region betWeen the substrates and to de?ne a uniform gap 
betWeen the substrates using columns. 

Subsequently, before feeding the panel to a UV curing step, 
the sealing material Was provisionally ?xed by partially sub 
jecting the peripheral seal to provisional UV curing at several 
points, in order to prevent the aligned substrates from being 
displaced from their ?tted state. 

In the subsequent UV curing step, the sealing material Was 
cured by irradiation With ultraviolet rays of 3,000 m]. 

Further, in the thermal curing step, the sealing material Was 
completely cured by heating at 120° C. Then, the manufac 
turing of a liquid crystal display panel is completed by bond 
ing polariZing plates to the backside of the TFT substrate and 
the CF substrate. 

Thereafter, the liquid crystal display panel thus fabricated 
Was subjected to theACF attaching/TCP bonding step and the 
substrate bonding step and then ?tted With a backlight source 
in the assembling step, to complete the manufacture of a 
liquid crystal display device. 

The liquid crystal display device according to the present 
exemplary embodiment Was subjected to a reliability test. An 
operation test in an environment having a temperature of 60° 
C. and a humidity of 60% Was conducted on ?ve liquid crystal 
display devices according to the present exemplary embodi 
ment and on ?ve comparative liquid crystal display devices 
related to the present invention. As a result, the liquid crystal 
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14 
display devices related to the present invention each gave rise 
to display unevenness, spot stain and the like in a peripheral 
portion of the panel Within 500 hours from the start of the test, 
Whereas none of the liquid crystal display devices according 
to the present exemplary embodiment gave rise to stain or 
display unevenness, like the ?rst exemplary embodiment. 
Further, neither stain nor display unevenness Was observed in 
any one of the liquid crystal display devices according to the 
present exemplary embodiment even after a lapse of 1,500 
hours from the starting of the test. Thus, the liquid crystal 
display devices according to the present exemplary embodi 
ment Were in a good display condition. 

Exemplary Embodiment 5 

Description Will be made of a liquid crystal display device 
and a fabrication method thereof according to a ?fth exem 
plary embodiment of the present invention With reference to 
FIG. 11. 

FIG. 11 is a schematic vieW illustrating a process from the 
alignment ?lm application step to the plasma ashing step for 
fabricating the liquid crystal panel according to the present 
exemplary embodiment. 

In the alignment ?lm application step, an ink-j et coater Was 
used to apply the alignment material to surfaces of the TFT 
substrate and CF substrate, thus providing the display region 
and the region outside the display region With alignment ?lms 
(step A in FIG. 11). At that time, the alignment material 
jetting conditions Were established such that the alignment 
?lm application region outside the display region received a 
larger jetted amount of the alignment material and a larger 
number of jets of the alignment material than the alignment 
?lm application region inside the display region, to make the 
alignment ?lm thickness larger in the region outside the dis 
play region than in the display region. 

In the subsequent alignment ?lm provisional drying step, 
leveling Was performed at 80° C. for both the display region 
and the region outside the display region (step B in FIG. 11). 

In the subsequent alignment ?lm baking step, main baking 
Was performed at 230° C. to provide the required alignment 
?lms (step C in FIG. 11). 

Subsequently, the plasma ashing step Was performed to 
form porous alignment ?lms (step D in FIG. 11). Here, local 
iZed ashing Was performed on each alignment ?lm in the 
region outside the display region, in the same manner as in the 
second exemplary embodiment. LocaliZed plasma irradiation 
Was performed using a remote-controlled plasma head to 
form minute pores in the alignment ?lms, thus forming the 
porous alignment ?lms. Oxygen or a mixed gas of nitrogen 
and oxygen Was used as a process gas. As a result, the area of 
the porous alignment ?lms in the region outside the display 
region Was increased as compared With the second exemplary 
embodiment, thereby making it possible to increase the effec 
tive adsorption surface area. 

Thereafter, in the rubbing step, rubbing Was performed on 
the alignment ?lm surfaces of the TFT substrate and CF 
substrate by means of a rubbing roll made of rayon. 

Subsequently, in the rubbing Washing and drying step, the 
alignment ?lm surfaces and the reverse sides of the TFT 
substrate and CF substrate Were subjected to chemical clean 
ing and pure Water cleaning and then to IR drying at 185° C. 

Subsequently, in the seal application step, the sealing mate 
rial Was applied to predetermined positions on the TFT sub 
strate so as to provide a peripheral (auxiliary) seal and a main 
seal each describing a shape of a closed loop. (In fabricating 
a TN mode liquid crystal display panel, the sealing material is 
mixed With Au balls serving as conductors.) 
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Subsequently, in the liquid crystal dispensing step, a pre 
determined amount of the liquid crystal material Was dis 
pensed dropWise in a matrix fashion (i.e., in a manner to form 
multiple dots in a matrix) in a region inside the main seal. 

Thereafter, in the panel alignment step, the TFT substrate 
and the CF substrate Were brought into contact With each 
other and then compressed to diffuse the liquid crystal mate 
rial uniformly throughout a pixel region and a peripheral 
region betWeen the substrates and to de?ne a uniform gap 
betWeen the substrates using columns. 

Subsequently, before feeding the panel to the UV curing 
step, the sealing material Was provisionally ?xed by partially 
subjecting the peripheral seal to provisional UV curing at 
several points, in order to prevent the aligned substrates from 
being displaced from their ?tted state. 

In the subsequent UV curing step, the sealing material Was 
cured by irradiation With ultraviolet rays of 3 ,000 m] . Further, 
in the thermal curing step, the sealing material Was com 
pletely cured by heating at 120° C. Then, the manufacturing 
of a liquid crystal display panel is completed by bonding 
polarizing plates to the backside of the TFT substrate and the 
CF substrate. 

Thereafter, the liquid crystal display panel thus fabricated 
Was subjected to theACF attaching/TCP bonding step and the 
substrate bonding step and then ?tted With a backlight source 
in the assembling step, to complete manufacture of a liquid 
crystal display device. 

The liquid crystal display device according to the present 
exemplary embodiment Was subjected to a reliability test. An 
operation test in an environment having a temperature of 60° 
C. and a humidity of 60% Was conducted on ?ve liquid crystal 
display devices according to the present exemplary embodi 
ment and on ?ve comparative liquid crystal display devices 
related to the present invention. As a result, the liquid crystal 
display devices related to the present invention each gave rise 
to display unevenness, spot stain and the like in a peripheral 
portion of the panel Within 500 hours from the start of the test, 
Whereas none of the liquid crystal display devices according 
to the present exemplary embodiment gave rise to stain or 
display unevenness, like the second exemplary embodiment. 
Further, neither stain nor display unevenness Was observed in 
any one of the liquid crystal display devices according to the 
present exemplary embodiment even after a lapse of 1,500 
hours from the start of the test. Thus, the liquid crystal display 
devices according to the present exemplary embodiment Were 
in a good display condition. 

Exemplary Embodiment 6 

Description Will be made of a liquid crystal display device 
and a fabrication method thereof according to a sixth exem 
plary embodiment of the present invention With reference to 
FIGS. 12A, 12B and 13. 

In each of the above-described exemplary embodiments 1 
to 5, it is possible to use alignment material prepared by using 
a polyamic acid molecule having a lengthened diamine chain 
forming a main chain of a polyamic acid, in order to provide 
the region outside the display region With alignment ?lms to 
similarly fabricate a liquid crystal panel. 

For example, an alignment material prepared using a 
polyamic acid molecule as shoWn in FIG. 12A is used to form 
alignment ?lms in the display region. To form alignment ?lms 
in the region outside the display region, an alignment material 
prepared using a polyamic acid molecule having a lengthened 
diamine chain forming a main chain of a polyamic acid as 
shoWn in FIG. 12B is used. 
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Because the diamine chain that forms the main chain of the 

polyamic acid shoWn in FIG. 12B becomes longer, i.e., m:3 
or more, as compared With the polyamic acid shoWn in FIG. 
12A, polyimide molecules tend to become more nondense. 
For this reason, each alignment ?lm alloWs an uncured com 
ponent of the sealing material that has a certain molecular 
Weight to easily penetrate into the alignment ?lm, to say 
nothing of Na and K, thus resulting in an increased amount of 
adsorption. Such a diamine chain can be lengthened by 
increasing the number of benZene rings in the diamine chain 
of the polyamic acid. The diamine chain that forms the main 
chain of the polyamic acid used for the alignment ?lms in the 
region outside the display region according to the present 
invention preferably has a value m of not less than 3. More 
preferably, the value m is from 3 to 9 in vieW of the adhesion 
of the alignment ?lm to the underlying substrate. 

It is also possible to increase the content of the polyamic 
acid in each alignment ?lm formed in the region outside the 
display region by loWering the imidiZation rate of the align 
ment ?lm, thereby further increasing the amount of ion 
adsorption. According to the present invention, the imidiZa 
tion rate of each alignment ?lm in the display region ranges 
from 70% to 95% depending on the kind of the alignment 
material used. The imidiZation rate of each alignment ?lm in 
the region outside the display region is preferably loWer than 
that of the alignment ?lm in the display region, particularly 
preferably not more than 70%. 

Description Will be made of a liquid crystal panel having 
the above-described feature Which Was fabricated as one 
exemplary embodiment and subjected to a reliability test. 

FIG. 13 is a schematic vieW illustrating a process from the 
alignment ?lm application step to the alignment ?lm baking 
step for fabricating the liquid crystal panel according to the 
present invention. 

In the alignment ?lm application step, an ink-j et coater Was 
used to apply the alignment material to surfaces of the TFT 
substrate and CF substrate, thus providing the display region 
and the region outside the display region With alignment ?lms 
(step A in FIG. 13), in the same manner as in the ?fth exem 
plary embodiment. 

In this case, the alignment material shoWn in FIG. 12A Was 
set in a syringe of a head for jetting the alignment material to 
the alignment application region inside the display region. 
Also, the alignment material shoWn in FIG. 12B (diamine 
chain: m:3) Was set in a syringe of a head for jetting the 
alignment material to the alignment application region out 
side the display region. This arrangement Was adapted to 
provide the region outside the display region With the align 
ment ?lm Which Was more nondense than the alignment ?lm 
in the display region. Needless to say, the impurity adsorption 
ef?ciency can be further improved by making the alignment 
?lm thickness larger in the region outside the display region 
than in the display region. 

In the subsequent alignment ?lm provisional drying step, 
leveling Was performed at 80° C. for both the display region 
and the region outside the display region (step B in FIG. 13). 

In the subsequent alignment ?lm baking step, main baking 
Was performed at 230° C. to provide required alignment ?lms 
(step C in FIG. 13). 

Thereafter, in the rubbing step, rubbing Was performed on 
the alignment ?lm surfaces of the TFT substrate and CF 
substrate by means of a rubbing roll made of rayon. 

Subsequently, in the rubbing Washing and drying step, the 
alignment ?lm surfaces and the reverse sides of the TFT 
substrate and CF substrate Were subjected to chemical clean 
ing and pure Water cleaning and then to IR drying at 185° C. 
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Subsequently, in the seal application step, the sealing mate 
rial Was applied to predetermined positions on the TFT sub 
strate so as to provide a peripheral (auxiliary) seal and a main 
seal each describing a shape of a closed loop. (In fabricating 
a TN mode liquid crystal display panel, the sealing material is 
mixed With Au balls serving as conductors.) 

Subsequently, in the liquid crystal dispensing step, a pre 
determined amount of the liquid crystal material Was dis 
pensed dropWise in a matrix fashion (i.e., in a manner to form 
multiple dots in a matrix) in a region inside the main seal. 

Thereafter, in the panel alignment step, the TFT substrate 
and the CF substrate Were brought into contact With each 
other and then compressed to diffuse the liquid crystal mate 
rial uniformly throughout a pixel region and a peripheral 
region betWeen the substrates and to de?ne a uniform gap 
betWeen the substrates using columns. 

Subsequently, before feeding the panel to the UV curing 
step, the sealing material Was provisionally ?xed by partially 
subjecting the peripheral seal to provisional UV curing at 
several points, in order to prevent the aligned substrates from 
being displaced from their ?tted state. 

In the subsequent UV curing step, the sealing material Was 
cured by irradiation With ultraviolet rays of 3 ,000 m] . Further, 
in the thermal curing step, the sealing material Was com 
pletely cured by heating at 1200 C. Then, the manufacturing 
of a liquid crystal display panel is completed by bonding 
polariZing plates to the backside of the TFT substrate and the 
CF substrate. 

Thereafter, the liquid crystal display panel thus fabricated 
Was subjected to theACF attaching/TCP bonding step and the 
substrate bonding step and then ?tted With a backlight source 
in the assembling step, to complete the manufacture of a 
liquid crystal display device. 

The liquid crystal display device according to the present 
exemplary embodiment Was subjected to a reliability test. An 
operation test in an environment having a temperature of 60° 
C. and a humidity of 60% Was conducted on three liquid 
crystal display devices according to the present exemplary 
embodiment and on three comparative liquid crystal display 
devices related to the present invention. As a result, the liquid 
crystal display devices related to the present invention each 
gave rise to display unevenness, spot stain and the like in a 
peripheral portion of the panel Within 500 hours from the start 
of the test, Whereas any one of the liquid crystal display 
devices according to the present exemplary embodiment did 
not give rise to stain or display unevenness. Further, neither 
stain nor display unevenness Was observed in any one of the 
liquid crystal display devices according to the present exem 
plary embodiment even after a lapse of 1,000 hours from the 
starting of the test. 
The foregoing description has been directed to the cases 

Where porous alignment ?lms 7 are formed on both of TFT 
substrate 2 and CF substrate 3. HoWever, even When porous 
alignment ?lm 7 is formed on only one of TFT substrate 2 and 
CF substrate 3, it is possible to suppress the occurrence of 
visible defects caused by residual impurity ions and uncured 
components of sealing material 4. 

While preferred embodiments of the present invention 
have been described using speci?c terms, such description is 
for illustrative purposes only, and it is to be understood that 
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changes and variations may be made Without departing from 
the spirit or scope of the folloWing claims. 
What is claimed is: 
1. A liquid crystal display device comprising: 
a pair of substrates; 
an alignment ?lm formed on each of opposed faces of said 

pair of substrates; 
a sealing material formed outside of a display region of at 

least one of said substrates; and 
a liquid crystal material encapsulated betWeen said pair of 

substrates, Wherein: 
said alignment ?lm comprises a ?rst alignment ?lm formed 

so as to cover at least said display region, and a second 
alignment ?lm formed in a region lying outWardly of 
said ?rst alignment ?lm and inWardly of said sealing 
material; 

said second alignment ?lm has a higher ionic impurity 
adsorptive property than said ?rst alignment ?lm; and 

said second alignment ?lm has a porous ?lm structure. 
2. The liquid crystal display device according to claim 1, 

Wherein said second alignment ?lm has a larger ?lm thickness 
than said ?rst alignment ?lm. 

3. A liquid crystal display device, comprising: 
a pair of substrates; 
an alignment ?lm formed on each of opposed faces of said 

pair of substrates; 
a sealing material formed outside of a display region of at 

least one of said substrates; and 
a liquid crystal material encapsulated betWeen said pair of 

substrates, Wherein: 
said alignment ?lm comprises a ?rst alignment ?lm formed 

so as to cover at least said display reton. and a second 
alignment ?lm formed in a region lying outWardly of 
said ?rst alignment ?lm and inWardly of said sealing 
material; 

said second alignment ?lm has a higher ionic impurity 
adsorptive property than said ?rst alignment ?lm; and 

a diamine chain forming a main chain contained in said 
second alignment ?lm is longer than a diamine chain 
forming a main chain contained in said ?rst alignment 
?lm. 

4. A liquid crystal display device, comprising: 
a pair of substrates; 
an alignment ?lm formed on each of opposed faces of said 

pair of substrates; 
a sealing material formed outside of a display region of at 

least one of said substrates; and 
a liquid crystal material encapsulated betWeen said pair of 

substrates, Wherein: 
said alignment ?lm comprises a ?rst alignment ?lm formed 

so as to cover at least said display region, and a second 
alignment ?lm formed in a region lying outWardly of 
said ?rst alignment ?lm and inWardly of said sealing 
material; 

said second alignment ?lm has a higher ionic impurity 
adsorptive property than said ?rst alignment ?lm; and 

an imidiZation rate of said second alignment ?lm is loWer 
than that of said ?rst alignment ?lm. 

* * * * * 


